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Abstract

The GRIN2B (glutamate receptor, ionotropic, N-methyl-D-aspartate 2B) gene, located in the short arm of chromosome 12,
encoding the NR2B subunit of the N-methyl-D-aspartate receptor, has recently been recognized to play an important role in
corticogenesis and brain plasticity. Deletions in the short arm of chromosome 12 are rare. Hemizygous loss of function of the
GRIN2B gene results in developmental delay, whereas gain of function leads to epilepsy, and infantile spasms in particular. In
addition, GRIN2B variants have been associated with autism spectrum disorder and schizophrenia. Here the authors report a child
with global developmental delay, autistic behavioural features, central hypotonia, dysmorphic features and isolated congenital
anomalies of the fingers and toes, and a de novo heterozygous deletion in chromosome locus 12p13.2-pl3.1, involving loss of
several genes, including GRIN2B. This report and our review of the literature help clarify the distinct phenotypes associated with

loss or gain of GRIN2B function.
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While disorders associated with deletions in the short arm of
chromosome 12 (12p deletion syndrome) were described prior
to the advent of array-based comparative genomic hybridiza-
tion,l'4 with its emergence, it became possible to correlate clin-
ical phenotypes with particular genes. The 12p13.1 GRIN2B
(glutamate receptor, ionotropic, N-methyl-p-aspartate 2B) gene
plays a critical role in mammalian brain development, and dif-
ferent mutations are associated with entirely distinct neurodeve-
lopmental, epileptic, and psychiatric disorders.>'? Here, the
authors present a detailed description of a 3-year-old boy with
heterozygous de novo interstitial microdeletion at 12p13.2-p13.1
encompassing GRIN2B and review the literature. Our case and
review help to clarify and contrast the loss-of-function neurode-
velopmental and gain-of-function epileptic GRIN2B phenotypes.

Case Study

Our patient was born at term via spontaneous vaginal delivery
to nonconsanguineous parents. Routine antenatal ultrasound,

during the 33rd week of gestation, revealed a large head cir-
cumference and improper closure of the cerebral ventricles.
This was not seen on the postnatal head ultrasound. At delivery,
there was light meconium present, however, no resuscitation
was required. He developed transient respiratory distress. His
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Figure |. Dysmorphic features. A, Facial features: broad forehead, mild frontal bossing, scaphocephaly, hypoplastic supraorbital ridge,
prominent nasal bridge and a bulbous nose, mild micrognathia, slightly wide mouth with downturned corners, deep-set eyes, and posteriorly
rotated prominent right ear compared to the left. B, Third and fourth right toe incomplete syndactyly, shorter second toe than first and third.

birth weight was 8 Ibs and 7 oz (90th percentile). Echocardio-
graphy at the time showed a patent foramen ovale.

Family history was significant for developmental delay and
primary gastrointestinal malignancies in some family mem-
bers. The patient’s eldest brother, now 6 years old, was diag-
nosed with autism spectrum disorder and attention-deficit
hyperactivity disorder. He had moderate to severe language
delay, fine motor delay, motor planning difficulties, and aca-
demic challenges. His younger brother, now 5 years old, had
isolated speech delay. Our patient’s paternal grandfather had a
history of speech and language delay. Paternal grandmother
had a benign colon tumor removed at age 21 years, and paternal
nephew was found to have an appendiceal tumor at age of
16 years. A paternal uncle was diagnosed with gastrointestinal
cancer in his mid-50s.

Our index case was noted to have central hypotonia since
the first week of life and global developmental delay since
early infancy, predominantly affecting motor and language
domains. He never exhibited any regression. He developed
adequate head control around 6 months, was able to sit with
support by 9 months, and unsupported by 12 months. He could
transition from supine to sitting at 18 months and started to
pull-to-stand after 24 months. He started ambulating indepen-
dently at 3 years but still had frequent falls due to poor balance.
He required foot orthotics due to abnormalities in foot-ankle
alignment during independent ambulation. He developed bilat-
eral pincer grasp at around 15 months and was able to spoon-
feed himself by 24 months. At 3 years, he was scribbling with a
pen but could not draw discreet lines or shapes. Language
development was significantly delayed. At 2 years, his voca-
bulary consisted of approximately 5 words, which expanded to
10 to 20 single spontaneous words by age 3. His main method
of communication was nonverbal with gestures. Receptive

language was comparatively better but nonetheless delayed.
Cognitively, he could identify his own body parts, was able
to follow simple 1-step commands, and knew primary colors
and few numbers. He developed a social smile early in infancy
and began to laugh around 11 months. He had social interest in
peers and was able to initiate and interact in reciprocal play. He
engaged in some simple pretend play by 24 months. He also
demonstrated some mild repetitive behaviors, such as turning
on/off switches and closing doors repeatedly by age 2 along
with restricted play themes. Also notable were some sensory
aversions, including aversion to certain tactile and auditory
stimuli. In terms of his adaptive skills, at age 3, he was not
showing any interest in toilet training and was unable to dress
himself. He had normal ophthalmological and hearing assess-
ments and had no clinical seizures.

At 36 months, his weight and height were near the 50th
percentile, and head circumference was just above the 97th
percentile. He had facial dysmorphisms and minor congenital
abnormalities of his digits and toes as described in Figure 1. He
also had a high anterior hairline with a single posterior hair
whorl, along with clinodactyly of his fifth digits bilaterally. On
neurological examination, he was interactive with interest in
his external environment. He was able to spontaneously pro-
duce few meaningful words. His cranial nerves, motor, and
sensory examination were unremarkable except for mild trun-
cal hypotonia and poor balance while walking. Other systemic
examinations were normal.

His complete blood count, liver, renal and thyroid function
tests, serum lactate, ammonia, creatine kinase, carnitine, quan-
titative acylcarnitine profile, amino acid, and urine organic acid
were unremarkable. Magnetic resonance imaging of the brain
was deferred due to parental concern about risks of anesthesia.
Electroencephalography showed spike and wave discharges
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over the right posterior parietal head region. Array-based com-
parative genomic hybridization revealed a 3.11 Mb hemizy-
gous loss at chromosomal locus 12p13.2-p13.1 (chrl2:
11 147 715 to 14 258 330 bp, hgl9). Fluorescence in situ
hybridization analysis confirmed the deletion observed by
microarray analysis. Fluorescence in situ hybridization analy-
ses of parental samples indicated that the deletion was de novo.
Microarray analysis of his eldest brother was normal.

Discussion

The authors describe a child with global developmental delay,
central hypotonia, autistic behavioral features, facial dys-
morphisms, incomplete syndactyly, thumb duplication, and
clinodactyly with focal electroencephalography abnormalities
and a de novo deletion at 12p13.2-p13.1. This deletion results
in loss of 1 copy of 36 RefSeq genes including 4 OMIM
(Online Mendelian Inheritance in Man) morbid genes that
include GRIN2B, CDKNIB (cyclin-dependent kinase inhibitor
1B), ETV6 (ETS variant 6), and LRP6 (low density lipoprotein
receptor-related protein 6). GRIN2B encodes the NR2 subunit
of the N-methyl-D-aspartate receptor and is expressed within
striatal and cortical structures. While ours would be the second
report of confirmed hemizygous deletion of GRIN2B, there are
already sufficient descriptions of patients with hemizygous loss
of function indicating that most if not all of the neurodevelop-
mental phenotype of our patient is due to loss of one of the two
alleles of this gene. Table 1 summarizes the salient neurodeve-
lopmental features of all the cases to date, including ours, and
allows crystallization of the core neurodevelopmental syn-
drome of hemizygous loss of GRIN2B, which encompasses:
delay in motor and speech development, in particular expres-
sive language, with various degree of intellectual disability and
behavioral difficulties such as hyperactivity and oppositional
behavior, and focal interictal electroencephalography abnorm-
alities predominantly unaccompanied by clinical seizures.

A gain of function in the GRIN2B gene has also recently
been implicated to cause a severe form of epileptic encephalo-
pathy manifesting as West syndrome.® Although our patient
has focal electroencephalography abnormalities he has not had
any clinical seizures at the time of the submission of this manu-
script. This may be due to a loss of function, as opposed to a
gain of function in the GRIN2B gene manifesting as two sep-
arate phenotypes, the latter consisting mainly of neurodevelop-
mental disorder with global developmental delay and
intellectual disability and the former causing an epileptic ence-
phalopathy. Other types of mutations in GRIN2B gene—non-
sense, splice-site, and frameshift—have also been identified in
patients with cognitive and intellectual impairments.® Various
neurobehavioral disorders statistically associated with GRIN2B
gene variants including autistic spectrum disorder,®'°
obsessive-compulsive disorder,'' schizophrenia,'®'* and bipo-
lar disorder'? have been described.

N-Methyl-D-aspartate receptors are tetrameric ligand-gated
ion channels composed of 2 glycine-binding NR1 subunits and
2 glutamate-binding NR2 subunits (NR2A, NR2B, NR2C, and

NR2D)."* GRIN2B represents a rate-limiting genetic factor in
gating the N-methyl-D-aspartate receptor’s function in the
developing and mature mammalian brain.” The subunit com-
position of N-methyl-D-aspartate receptors is spatially and
temporally regulated. It undergoes a maturational change from
heterotetramers containing predominantly NR2B early in life
to those containing NR2B, NR2A, or both subunits in the adult
brain.'*> GRIN2B has also been shown to be involved in long-
term potentiation of synaptic transmission—the mechanism
purported in memory and learning processes.'* Mutations in
the GRIN2B gene leads to abnormal subunit functioning affect-
ing neuronal ion flux resulting in developmental abnormalities
and epilepsy.’

Deletions in the short arm of chromosome 12 are also asso-
ciated with a wide variety of hematopoietic malignancies due
to mutation of the 2 known tumor-suppressor genes: ETV6 and
CDKNIB, both of which are also part of our patient’s deletion.
Germline heterozygous mutations in CDKNIB have been
described in patients with multiple endocrine neoplasia.'’
Hemizygous deletions encompassing CDKN1B have also been
reported with small intestine neuroendocrine tumors.'® Simi-
larly, several somatic heterozygous mutations of E7V6 gene
involving translocation and fusion with various other genes
have been reported with acute and chronic leukemia.!” Germ-
line variants of both CDKNIB and ETV6 are associated with
adult predisposition to prostate cancer.'®'? As such, our patient
and children with similar chromosomal 12 deletion GRIN2B
developmental delay should be monitored for neoplastic risk.

In conclusion, hemizygous loss of function of GRIN2B leads
to intellectual disability, developmental delays, particularly in
language, hyperactivity and oppositional behavior, and abnor-
mal electroencephalography, but rare or no seizures. In con-
trast, gain of function in this gene is one cause of West
syndrome. Likely due to its central neurological role as part
of the N-methyl-D-aspartate receptor, variants likely affecting
its expression are associated with common neurobehavioral
disorders including schizophrenia and autism.
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